Clonal Seed Orchard (CSO) of Santalum album L. at Nallal, India consisting of 25 clones originated from different agro-climatic conditions of four southern states (Karnataka, Tamil Nadu, Kerala and Andhra Pradesh) was source of seeds for variability studies. There was vast variation in seed size, weight, germination, vigour and seedling growth of different clones over the years. Seed length, width and weight were positively correlated to each other but seed size had no effect on germination, Germination Value (GV), days taken for germination and early seedling growth. Effects of Clones were dominant and accounted for variation in germination rather than seed size. There was no consistency in the parameters studied in the two years. The impact of these genetic differences in handling of seed lots during bulking, grading and storage for mass propagation of nursery planting stock of S. album is also discussed.
Introduction
Santalum album L. commonly known as sandalwood is a hemi-root parasite of the family Santalaceae. It is predominantly out breeding species (JYOTHI et al., 1991; BHASKAR, 1992; VEERENDRA and PADMANABHA, 1996) , which express variability in the form of leaf size, shape, flowering pattern (period), fruit/seed size, heartwood and oil content (SRINIVASAN et al., 1992; SRIMATHI et al., 1995) . Natural variability provides vast scope for genetic improvement and immediate use of superior genotypes/clones seed or clonal planting material for improved productivity in per unit area (particularly heartwood and oil content) in sandalwood.
Forest tree improvement programmes are structured on three main stages; selection, breeding and testing . Superior genotypes from the testing stage are propagated to establish orchards for the production of seeds (HAWKINS, 1998) . Seeds collected from these orchards are then used for seedling production for reforestation success. However, the goal of the seed orchards is also to maximize diversity.
In the same line, the Sandal Research Center, which later on merged with Institute of Wood Science & Technology (IWST), Bangalore has selected plus trees of S. album from southern states, based on the growth, heartwood and oil content and established Clonal Germplasm Bank at Gottipura, Bangalore in 1980. During 1982, Clonal Seed Orchard (CSO) of 25 clones (plus trees of diverse origin from peninsular India) was established using 25 ramets of each clone at Nallal, Bangalore (SRINIVASAN et al., 1992; SRIMATHI et al., 1995) . Seeds of the CSO are collected every year and used as a source of quality seed for improved planting stock.
Seed orchards and forest seedling nurseries are interconnected phases of reforestation process (LONG and PEOPLES, 1991) . In modern containerized nurseries, uniform germination and seedling growth are considered important to reduce culling percentage and production costs. Seed size fractionation is a common practice used to increase uniformity in seedling size (CAMPBELL and SORENSON, 1984) . However, the effect of seed size on germination behaviour is controversial (CHAISURISRI et al., 1992 : REICH et al., 1994 .
BAGCHI and SHARMA (1989) observed significant genetic variability in seed characters like; seed size and weight from few of the selected plus trees seeds of S. album. VEERENDRA et al. (1999) , observed seed size variation (morphological and physiological) in various provenances of S. album. Significant correlations of seed characters were observed in S. album (BAGCHI and SHARMA, 1989) . In S. album, reports on the effect of seed size on rate of germination and seedling growth are controversial (NAGAVENI and ANATHAPADMANABHA, 1986; VEERENDRA and SARMA, 1990; BRAND et al., 1993; EFFEN-DI and SINAGA; . Seed source studies of different provenances of S. austrocaledonicum exhibited variation in germination after storage of 16-24 month period (CHAUVIN and EHRHART, 1998) .
As such there is no information about seed variability in terms of seed size, weight, germination, germination value, early seedling growth and pattern of seed character during different collection years among various clones of CSO of sandal wood, which is essential for handling, management and use for improvement and production of quality planting material for afforestation and conservation point of view.
Based on the gaps in the existing literature, efforts were made to study the seed source variability in terms of seed size, weight, germination percentage, germination value, seedling growth performance among various clones of CSO of sandalwood during different collection years and to find their inter relationship.
Materials and Methods
Seeds of 25 clones from CSO which was established in 1982 by using scion material of plus trees comprising seven clones from Karnataka (K1, K2, K3, K5, K7, K14 and K19), 14 clones from Tamil Nadu (T1, T2, T3, T4,  T5, T7, T9, T14, T15, T16, T21, T22, T25 and T26), 3 clones from Kerela (KL1, KL2, KL3) and one clone from Andhra Pradesh (AP4) were used for the present studies.
Ripe fruits with purple orange colour were collected during peak seed setting period in October-November during 1998 and 1999 and depulped by soaking in water for 2 hours followed by rubbing. Seeds were air dried under shade. Processed seeds were stored at 10°C temperature in airtight containers in freezer to carry out germination study.
Seed variability: Four replications of 25 randomly selected and undamaged seeds per replication were measured for their length and width in mm upto 2 decimal place using electronic vernier calliper (Mitutoyo, CD-6'' CS). Fresh seed weight of randomly selected four samples of each seed source, consisting of 100 seeds was recorded as per ISTA (1993) rules using electronic top pan balance (Adair Dutt MJ-300).
The seeds collected from 25 clones ramets were pretreated with GA 3 , 500 ppm (w/v) for 16 hours and germinated at 30 ± 1°C temperature and 95 % relative humidity in plastic trays (size, 20 x 15 x 6 cm 3 ) containing sand as a germination medium in seed germinator. Three replications of 50 seeds per replication from each seed source were used in a completely randomized design. Sprays of fungicides, Dithane M-45, 0.25 % (w/w) and Bavistin, 0.1% (w/w) was given alternatively at weekly interval as a prophylactic measures. Seed was considered germinated, when the plumule had emerged about 1 cm. Germination count was recorded on alternate days, up to 60 days. Total germination percentage, number of days to complete germination and Germination Value an index combining speed and completeness of seed germination was calculated (CZABATOR, 1962) .
Seedling variability: The seedlings of 24 clones (except, K1) were transferred to 270 cc block type root trainers during 1999, for 1998 seed collection. For seeds collected in 1999, sowing was done during January, 2000. Three replications consisting 12 seedlings per replication were used to record seedling height (cm) and collar diameter (mm) at 6 months age in the first year and at 3 months age for selected 6 clones (K19, T4, T16, T22, KL1 and KL3) in the second year (2000).
Statastical analysis: Data on seed length, seed width, 100 seed weight, germination percentage, germination value and days taken for germination for two years were analysed using factorial ANOVA. Between both the years, variability of clones in terms of seed traits and germination parameters were analysed according to Wilcoxon Matched Pairs Signed Rank test (PHANSE and SUKHATME, 1978) . Seedling height and collar diameter were analysed using one way ANOVA (PHANSE and SUKHATME, 1978) . Correlation coefficients of seed characters, germination parameters and seedling growth were assessed using MS Excel version 5.0.
Results

Studies on Seed Variability of 1998 Seed Collection
Data on seed length, seed width, 100 seed weight, germination percentage, days taken for germination, germination value of seed from 25 different clones in both the years revealed significant differences between clones and years ( Table 1 ).
In the year 1998, the mean seed length varied from 6.78 mm (K14) to 8.42 mm (KL3). The highest value for seed width was recorded in KL3 (7.61 mm), followed by T7 (7.12 mm) and AP4 (7.09 mm). Minimum seed width was found in K14 (6.02 mm). Seed weight varied from 13.80 g to 21.57 g and maximum in KL3. KL3, which has maximum seed length and width, also had maximum seed weight. Minimum seed weight was recorded in K19 (13.80 g).
In the second year, seed length varied from 6.91mm to 8.32 mm. Highest seed length was recorded in KL2 (8.32 mm). K2 recorded minimum seed length (6.91 mm), which was significantly lower than seeds of all the other clones. The clone KL2, in which seed length was maximum, expressed highest value (7.45 mm) for seed width. Lowest value for seed width (6.30 mm) was recorded in clone T22 that was significantly different from all other clones. Data on 100 seed weight varied from 12.65 g to 21.09 g. The clone KL2, in which highest value for seed length and seed width was observed, expressed highest value for 100 seed weight (21.09 g), which was significantly higher than all other clones. This was followed by T16 (19.87 g) and T9 (19.07 g). Lowest value for 100 seed weight was recorded in clone T22 (12.65 g).
During 1998, maximum variability was observed in percentage seed germination, which varied from 10.67 % to 80.33 %. Highest germination was recorded in K14 (80.33 %), which had minimum seed width. This was followed by T16 (53.67 %), which was at par with T14 (48.33 %) and K2 (45.33 %). Lowest germination was observed in K1(10.67 %). Time taken for germination (in days) varied from 42.3 to 54.3 and it was minimum in T21, which was on par with K1 and K19 (46.3), whereas, KL1, T25 and K3 took maximum number of days for germination. Germination value (GV), varied significantly among seeds of different clones and highest GV was observed in K14 (2.625), which was significantly superior (p = 0.05) to all other clones, and the same clone seed exhibited maximum germination percentage, too. GV was minimum in T7 (0.050).
In the second year, seed germination was poor as compared to seeds of the first year i.e. 1998. Germination percentage of second year seed varied from 4.0 % to 50.67 % and no germination was observed from the seeds of the clone T21 and T26. The clone K2, which expressed minimum value for seed length, exhibited maximum germination (50.67 %), which was significantly, higher than all other clones. This was followed by K14 (40.67 %) and T3 (36.00 %). The clone KL2 that expressed maximum value for seed length, seed width and 100 seed weight had comparative low germination percentage of 18.67. Minimum germination period was taken by T5 (33 days) and maximum by K19 and KL1 (49 days). Germination value was highest in K2 (1.147), which also expressed maximum germination percentage.
As such, there was no trend or relationship between seed characters and germination percentage and germination value among different clones for both the years. Data subjected to Wilcoxin matched pairs Signed ranks test also revealed significant differences between clones in different years. The ranks differed significantly between the years for all the characters like; seed length, seed width, 100 seed weight, germination, germination value and days taken for germination ( Table 2) In majority of clones, the germination percentage was high in 1998 seed collection as compared to 1999.
Growth performance of seedlings raised from seeds of various clones exhibited significant variation in terms of height and collar diameter for both the years ( Table 3 and Table 4 ). In the first year, seedling height varied from 17.99 cm to 28.21cm and it was maximum in K19, which was on par with K3 (27.40 cm), T2 (26.25 cm) and KL3 (25.92 cm). Among these, clone K19 exhibited minimum seed weight, whereas, KL3 expressed maximum seed weight ( Table 1) . Seedling height was minimum in T16 which was on par with K7, KL1, T7, AP4, T9 and T14. Collar diameter varied from 2.21 mm to 3.77 mm and it was found maximum in KL2 and minimum in T7.
Initial seedling growth at the age of 3 months was measured for 6 selected clones ( Table 4) . Seedlings of various clones exhibited variation in terms of height and collar diameter. Seedling height varied from 11.76 cm to 14.38 cm and collar diameter from 2.18 mm to 2.93 mm.
Seedling height and collar diameter were maximum in T4 (14.93 cm and 2.93 mm, respectively) and minimum in T22 (11.76 cm and 2.18 mm, respectively). Though seed length, width and 100 seed weight were maximum in T16, but seedling height and collar diameter were less than T4.
In both the years (1998, 1999) , seed length was positively correlated to seed width (0.867, 0.979) and 100 seed weight (0.571, 0.983) and seed width was correlated to 100 seed weight (0.623, 0.988). Of 1998 seed collection, seed width was negatively correlated to germination percentage (-0.459) . In both the years, germination 
Discussion
Seed weight, depends on reserve food material, which is produced as a result of double fertilisation (endosperm) and is dominated by the maternal traits and is also influenced by the nutrient availability at the time of seed setting and environmental factors (ALLEN, 1960; JOHNSEN et al., 1989) . Embryo development and its physiological function are contributed by the maternal as well as by paternal (pollen grain) traits in the species.
In the present study, the seeds of various clones of CSO exhibited significant variability in seed size, seed weight, germination percentage, germination value, time taken for germination and initial seedling growth. Significant variability of seed characters like; seed size and weight was observed in seeds of the selected plus trees (BAGCHI and SHARMA, 1989) and among various provenances of S. album (VEERENDRA et al., 1999) . This type of variability in seed morphology and germination is attributed to the out breeding nature of sandalwood. Among 19 trees of seed orchard of Pseudotsuga menziesii, variation was observed for germination capacity (26-96 %), peak value, days taken for germination and mean daily germination . Similarly, CHAISURISRI et al. (1992) , found wide differences in germination capacity in seeds of 18 clones of Picea sitchiensis.
In the present study, seed characters; seed length, width and weight were significantly and positively correlated to each other. Similarly, positive correlation of seed characters were observed in seed of S. album Table 3 . -Seedling growth performance of S. album in terms of height and collar diameter at the age of 6 months in 24 clones seedlings of 1998 seed collection. BAGCHI and SHARMA, 1989) , Leucaena leucocephala (HOODA and BAHADUR, 1993) and Prosopis cineraria (BAHADUR and HOODA, 1995) . As such, there was no trend or relationship between seed characters and germination percentage, germination value and initial seedling growth among different clones, where as earlier reports of NAGAVENI and ANANTHAPADMANABHA (1986) and BRAND et al. (1993) on the effect of seed size on rate of germination and seedling growth are contradictory.
In the present study, it was revealed that genotype or clone had a greater influence on germination and seed size had no relationship with germination percentage, germination value and initial seedling growth, over the years. Similar to our findings, EL-KASSABY et al. (1992) observed no relationship in seed size (weight) on germination capacity and speed in Pseudotsuga menziesii seeds of 19 seed orchard trees. INDIRA et al. (2000) , found that fruit size (9-18 mm, except very small, 6-9 mm) did not have influence on seed germination, seedling survival and seedling growth in Tectona grandis.
The seed characters expressed in terms of germination and initial seedling growth differed over the years during the study period. The results revealed that in most of the cases, germination was high in the first year (1998, seed lot), which ranged from 19.33 % to 80.33 % and comparatively low (4.0 % to 50.67 %) in the second year (1999, seed lots) . This might be attributed to the difference in the environmental conditions particularly rainfall and temperature (Appendix 1) during flowering period (May -June). During 1998, the mean temperature was high (33°C) as compared to 1999 (around 30°C) and rainfall was less (41.7 mm and 7.4 mm) as compared to 1999 (143.3 mm and 43.9 mm), which might have affected seed setting and quality of seed. Environmental pre-conditioning during seed development is considered crucial factor in influencing seed (JOHNSEN et al., 1989) . Seeds from reciprocal crosses of different ramets of same clone and during different years from the same tree can have considerable variation in their ability to germinate and grow (PERRY and HAFLEY, 1981) .
In the present study, the interaction effect of clones and years was significant. In other words, the clones expressed differences in the seed traits, germination, germination value and days taken for germination during different years. This might be due to the difference in the genetic make up of various clones and environmental factors during seed pre-conditioning i.e. genotype and environmental interaction.
From this study, it was found that genotype/clone had greater influence on germination and seed size had no relationship with germination and seedling growth in nursery. The seed characters and germination varied during 2 years indicating genotype environmental interaction. These findings have following implications while handling of seedlots during bulking, grading and storage:
1.) Seed size or weight cannot be used as a criteria for grading of bulked seed lots of different clones, as it can narrow down genetic diversity by rejecting small size of seeds. Similarly, HAWKINS (1998) opinioned that seed size and its correlation to germination and using them as grading criteria can narrow down seed source genetic diversity.
2.) In case of S. album, seeds should be stored with identity of individual clone or family to ensure sustained availability of seeds during poor seed setting period (years).
3.) Grading of individual clone/family seed may be helpful in elimination of extremes of seed (too small and too large) sizes to obtain comparatively uniform seedlings. Bulking without knowing individual tree/clone seed behaviour can be disadvantageous in growing trees. TOON et al. (1991) , revealed that seed size has influence on seedling growth (height) at initial stage of nursery and gradually non significant in 12 families of Pinus caribaea. They emphasized that culling at nursery stage should not be based on seed size or speed of germination.
Future studies on S. album seed storage, with clonal identity, can help in developing clear cut understanding of viability during storage (clone wise), which may further help in gene pool conservation and strategic supply of seeds for plantation and tree improvement programmes.
